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A Study on Improving the Data Quality Validation of Underground Facilities(Structure-type)
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Abstract

With the available national spatial information that started from the sinkholes that occurred
nationwide in 2014 and integrated 15 areas of underground information, the Underground Spatial
Integrated Map has been continuously maintained since 2015. However, until recently, as disasters
and accidents in underground spaces such as hot water pipes rupture, cable tunnel fires, and
ground subsidence continue to occur, there is an increasing demand for quality improvement of
underground information. Thus, this paper attempted to prepare a plan to improve the quality of
the Underground Spatial Integrated Map data. In particular, among the 15 types of underground
information managed through the Underground Spatial Integrated Map, quality validation
improvement measures were proposed for underground facility (structure-type) data, which has
the highest proportion of new constructions. To improve the current inspection methods that
primarily rely on visual inspection, we elaborate on and subdivide the current quality inspection
standards. Specifically, we present an approach for software-based automated inspection of
databases, including graphics and attribute information, by adding three quality inspection items,
namely, quality inspection methods, rules, and flow diagram, solvable error types, to the current
four quality inspection items consisting of quality elements, sub-elements, detailed sub-elements,
and quality inspection standards.

Keywords: Underground facility, Data Quality Validation, Underground Spatial Integrated Map,
Underground Information, Spatial Data
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Figure 1. Geometry basic classes with speciali-
zation relations in ISO 19107(ISO 2019)
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Figure 2. The 3D primitives supported by val3dity
(Ledoux 2018)
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Table 2. Error codes and data quality requirements for the geometric levels(OGC, 2016)

Geometric Levels

Error codes

Data Quality Requirements

GE_R_TOO_FEW_POINTS

A ring should have at least 3 points.

GE_R_CONSECUTIVE_POINTS
_SAME

Points in a ring should not be repeated (except first-last in
case of GML).

The first and last points have to be identical (at the same

Ring(R) GE_R_NOT_CLOSED .
location).
GE_R_SELF_INTERSECTION A ring should be simple, i.e,, it should not self-intersect.
GE_R_COLLAPSED ?nsepeoal case of self-intersection: the ring is collapsed to a
GE_P_INTERSECTION_RINGS Two or more.rlng.s mtgrsect, thesg can. be felther the exterior
ring with an interior ring or only interior rings.
GE_P_DUPLICATED_RINGS Two or more rings are identical.
GE_P_NON_PLANAR_POLYGON A polygon must be planar, i.e., all of its points (used for both
_DISTANCE _PLANE the exterior and interior rings) must lie on a plane.
GE_P_NON_PLANAR_POLYGON The orientation of the normal of each triangle must not
_NORMALS _DEVIATION deviate more than a certain user-defined tolerance.
Polygon(P) GE_P_INTERIOR_DISCONNECTED The interior of a polygon must be connected.
GE_P_HOLE OUTSIDE One. or more mvterlc')r ring(s) is (are) located completely
outside the exterior ring.
GE_P_INNER_RINGS_NESTED One or more '| nter.|0r ring(s) is (are) located completely inside
another interior ring.
The interior rings must have the opposite direction
GE_P_ORIENTATION_RINGS_SAME | (clockwise vs counterclockwise) when viewed from a given
point-of-view.
GE_S_TOO_FEW_POLYGONS A shell should have at least 4 polygons.
GE_S_NOT_CLOSED The shell must not have 'holes’, i.e., it must be 'watertight'.
GE_S_NON_MANIFOLD_VERTEX Each shell must be simple, i.e., it must be a 2-manifold.
GE_S_NON_MANIFOLD_EDGE Each edge of a shell should have exactly 2 incident polygons.
GE_S_MULTIPLE_CONNECTED Polygons that are not connected to the shell should be
_COMPONENTS reported as an error.
A shell should be simple, i.e., it should not self-intersect. If
Shell(S) GE_S_SELF_INTERSECTION topology of the shell is correct and the shell is closed, it is

possible that the geometry introduces other errors, e.g.,
intersections.

GE_S_POLYGON_WRONG
_ORIENTATION

If one polygon is used to construct a shell, its exterior ring
must be oriented in such a way that when viewed from
outside, the shell points are ordered counterclockwise.

GE_S_ALL_POLYGONS_WRONG
_ORIENTATION

Where all the polygons have the wrong orientation (as
defined in GE_S_POLYGON_WRONG_ORIENTATION), i.e.,
they all point inwards.
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Figure 5. Basic Topology Model
(https://tips.fbi.gov/)
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Table 3. Suggests on Standard for Quality Assessment and improvement plan for structure-type
underground facilities

Items in the current work regulations New additional items
Quality Detailed Aj:;;:lc;r:jal Criteria for quality Quality inspection methods and quality
factors factors inspection inspection rules (algorithm)
factors
Completen Target Comparing the list Method: Verifying whether the number of files
P Omitted object and quantity of raw | matches the final performance with the raw
ess . )
omitted data and final results | data
Confirmation of Method: Visual inspection of adequacy of
Concept LOD compliance with LOD application of LOD production standards
consistency | Consistency | production standard for
underground facilities Solvable error types : Detail consistency errors
. Verifying that the data
Formatti File is stored appropriatel
29 extension || Pprop Y| Method: Verifying adequacy of file extension
consistency | . in the physical
info
structure
Method: Verifying spatial topology and
geometric adequacy of 2D data
Rules
1. Extracting duplicated objects (within the
same position)
Verifying topological 2. Extract!on of non-closed polygons
. " 3. Extraction of crossed and overlapped
2D info condition adequacy . . : .
objects (points, lines, polygons) (lines and
for 2D data . ; .
polygons self-crossing, polygons, lines, points
Logic and and polygons, lines and polygons intersect
consistency and overlap)
(Standard)
Solvable error types : object duplication,
non-closed objects, object crossing, and
Topological overlapping
consistency Method: Verifying topology and shape
adequacy of 3D data (omission, duplication,
crossing, overlapping, etc.)
Rules
1. Preprocessing
Verifying topological 1-1. \(erlfylng the Qumber of vertices
3D info condition adequacy constituting the unit mesh
for 3D model 1-1-1. Matches standard; Pass
1-1-2. Different from standard; Error
1-2. Checking the area of the unit mesh area
1-2-1. Within the area standard; Pass
1-2-2. Outside the area standard; Error
1-3. Validation of unit mesh shape (edge
length, ratio, etc.)
1-3-1. Within the valid scope; Pass
14 "MW REFEE, Hs1d FM2=. 2021
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Items in the current work regulations

New additional items

Quality Detailed Aj:t':ig;al Criteria for quality Quality inspection methods and quality
factors factors ¢ inspection inspection rules (algorithm)
actors
1-3-2. Qutside the valid scope; Error
1-4. Checking unit mesh connectivity. (If there
is no connectivity, it is not the unit mesh
constituting the object
1-4-1. With connectivity; Pass
1-4-2. No connectivity; Error
2. (Within the same position) Extracting
duplicated objects
3. Extracting non-closed 3D objects
4. Extracting crossed and overlapping 3D
objects (self-crossing, crossing between
objects)
Solvable error types : object duplication,
non-closed objects, object crossing, and
overlapping
Method: Verifying attribute information of a
PRJ file, which is a coordinate system setting
file of an SHP file (GRS_1980)
Reference | Verifying world Method: Verifying whether an object
coordinate | geodetic system exceeding the range of GRS80,
system | (horizontal 200,000/600,000 exists in the middle of TM
accuracy | coordinates)
Rule: Verifying whether the extracted MBR
(Minimum Bounding Rectangle) is within X:
600,000, Y: 200,000
igsition No distinction
info between 2D and 3D Item deleted
Position | Absolute | accuracy based on work rules
accuracy |or external
(Space) |accuracy - Verifying the <Horizontal Position Accuracy>
appropriateness of | Method: Reversing the 3D model to 2D (or 2D
the horizontal data built using raw data) and then
position and height | overlapping it with the orthogonal image (or
value of the 3D digital topographic map) to confirm the
model by horizontal position accuracy
Position overlapping the
info orthophoto (or Rules
accuracy digital topographic | 1. Reversing the 3D model to 2D
map) and the DEM | 2. Overlapping the orthophoto (or digital
- Measurement and | topographic map)
verification of 3. Checking the difference in horizontal
public reference position
points and 3D 3-1. Within the margin of error; Pass
models means 3-2. Outside the margin of error; Error

Journal of Cadastre & Land InformatiX Vol.57 No.2 (2027)
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Items in the current work regulations

New additional items

Detailed
factors

Quality
factors

Additional
detailed
factors

Criteria for quality
inspection

Quality inspection methods and quality
inspection rules (algorithm)

confirming the
positional accuracy*
of public survey
work regulations

Solvable error types :
errors

Horizontal position

<Vertical position accuracy>

Method: Verifying the vertical position
accuracy by overlapping the 3D model with
the DEM

Rules
Visual inspection of whether a 3D model that
should be located underground exists on the
DEM

Solvable error types : Vertical position errors

Shape info
accuracy

Verifying the
consistency of shape
information between
the 3D model and
the actual structure

Method: Verifying whether the 3D model and
the survey points were all used as points of
the 3D model by overlapping

Rules

1. Extracting survey points

2. Extracting 3D model points

3. Confirming whether the survey point
matches the 3D model point

3-1. Matching; Pass

3-2. Different; Error

Solvable error types :
points

Unprocessed survey

Method: Comparing 3D model with actual
field (ground level)

Rules

Visual inspection of shape inconsistency
between the 3D model and the actual site
(field photo, road view, etc.)

Solvable error types : Mismatched shape

Verifying the
appropriateness and
accuracy of the
application of raw
data shape info

Method: Verifying shape accuracy by reverse
conversion of 3D model built using raw data
into 2D and overlapping the raw data

Rules

1. Reverse the 3D model to 2D (planar view,
cross-sectional view)

2. Overlapping raw data

16
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Items in the current work regulations

New additional items

Quality Detailed Aj:t':ig;al Criteria for quality Quality inspection methods and quality
factors factors inspection inspection rules (algorithm)
factors
3. Determining whether 2D matches raw data
(object position, shape, number)
Solvable error types : 3D conversion errors
Method: Verifying whether adjacent parts are
separated between objects that must be
adjacent
Rules
1. Verifying related essential objects
s . 1-1. Constructing an object into one layer: N/A
. Vern‘ymg the adjacent 1-2. Constructing an object into multiple
2D info consistency and o
boundary |spacing of the layers: adjacent between layers
. . 2. Extracting unconnected (separated) objects
connecting section (line, polygon)
3. Verifying the threshold of the separation
distance
3-1. Within threshold; Pass
3-2. Beyond threshold; Error
Relative or Solvable error types : Non-closed objects
internal Method: Verifying whether adjacent parts are
accuracy separated between objects that must be
adjacent
Rules
1. Verifying related essential objects
1-1. Constructing an object into one layer:
Verifying the adjacent| N/A
3D info consistency and 1-2. Constructing an object into multiple
boundar spacing of the layers: adjacent between layers
y 9 y J y

connecting section

2. Extracting unconnected (separated) objects
(line, polygon)

3. Verifying the threshold of the separation
distance

3-1. Within threshold; Pass

3-2. Beyond threshold; Error

Solvable error types : Non-closed object

* (D Margin of error of the public reference point

- Horizontal: +0.10m, Vertical: £0.10m (standard deviation)

@ Margin of error of position accuracy

- Horizontal position: standard deviation within +0.50m, maximum error within +0.75m

- Vertical position: standard deviation within +0.70m, maximum error within £1.00m

Journal of Cadastre & Land InformatiX Vol51 No.2 2021) 17
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